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Plasma shape control is a major knob to investigate 
confinement as well as MHD characteristics of 
magnetically confined plasmas. LHD has a large 
flexibility to explore configuration effect by using 6 
independent coil systems. Elongation can be controlled by 
a quadrupole field. Experimental observation of moderate 
elongation has shown that confmement is degraded 
gradually in both prolate (vertically elongated) and oblate 
(horizontally elongated) configurations. 
Since the rotational transform is weaker in the core 
region than in the periphery in LHD, a theoretical analysis 
suggests that excess quadmpole field results in split of the 
magnetic axis!) , Then the internal separatrix like petals 
emerges. Further application of quadrupole field eventually 
realizes a doublet configuration bounded by this separatrix. 
The role of separatrix is attracting interest in effect on 
confinement perfonnance as well as physics of unstable 
manifold. Here we describe the initial experimental results. 
Numerical simulation is reported elsewhere. 
The operational quadrupole field BQ is defined as 
how much the poloidal field coils cancel the quadrupole 
fi eld by the hclical coil. Therefore B{2='100% gives a 
complete cancellation of the quadrupole field, which results 
in the toroidal averaged ellipticity K of I. When BQ 
decreases, the plasma is elongated in the vertical direction. 
For example, B{2='O% and -50% correspond to K of 1.3 and 
1.6 respectively. A simple analytics using the stellarator 
averaging predicts that a doublet of petals due to the split 
of the magnetic axis up and down is fonned BQ<-50%. 
Figure I shows the picture of a NB I heated plasmas 
with BQ=-100% by the tangential soft X-ray camera. A 
clear doublet configuration can be seen. Unfortunately, the 
temperature measurements are available only on the 
equatorial plane, therefore, an unequivocal profile to show 
the doublet cannot be obtained at present. Figure 2 shows 
the ratio of the line densities on the vertical and horizontal 
chords. The fanner chord runs approximately across two 
magnetic axes and the latter chord lies on the equatorial 
plane. If the magnetic flux surface is concentric with one 
unique axis, this ratio should be the same as the ratio of the 
chord length which is shown in a dotted line in Fig.2. 
While the experimental data agree well with the chord 
length ratio when the absolute value of BQ is small enough, 
the ratio of density along the vertical chord to the 
horizontal one is significantly enhanced when BQ 
decreases. This indicates that high density regions are split 
up and down. Also the data in the case of BQ=-200% are 
scattered. The enhancement of this density ratio has 
correlation wi th the plasma stored energy (see Fig.2). This 
trend suggests that the doublet configuration and 
consequent density profile wi th presumably double peaks 
26 
become more definitive as the plasma beta increases. This 
feature is predicted by the 3-D simulation. 
Reference 
I) Pustovitov, V. D. , Review of Plasma Physics (2000, 
Kluwer Academic/Plenum Publisher) Vol.21, pp.138. 
Fig.1 2-D image by a tangential soft X-ray camera of a 
NBl heated plasmas at Ra,=3.6m and B{2='-1 00%. 
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Fig.2 Ratio of line densities of the vertical and horizontal 
chords as a function of the quadmpole cancellation 
ratio. 
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Fig.3 Ratio of line densities of the vertical and horizontal 
chords as a function of the plasma stored energy in 
the case with B{2='-200%. 
